Drifting invertebrates and suspended sediments were collected at monthly intervals from June 1977 to May 1978 . The numbers and biomass of drifting organisms reflected the seasonal cycles of aquatic insects . Some aquatic organisms showed behavioral drift either during a sample day or during some portion of their life cycle . Parapsyche cardis Ross and Diplectrona modesta Banks (Trichoptera : Hydropsychidae) dispersed as first instar larvae ; few later instars of these two net-spinning caddisflies drifted . The drift of nymphal Peltoperla maria Needham et Smith (Plecoptera : Peltoperlidae) was apparently related more to detritus transport than to benthic densities or discharge alone . Power law relations between the magnitude of daily invertebrate drift and discharge or sediment variables are demonstrated for some taxa in Hugh White Creek . The general level of stream invertebrate drift appears to be related to detritus transport, and drift during storms is also related to detritus transport . During storms, terrestrial invertebrate drift was related to rainfall intensity, canopy washing, and channel expansion .
Introduction
Drift, the downstream transport of invertebrates in the water column, represents both a loss from upstream populations and a gain to downstream areas (Waters 1972) . In lotic systems invertebrate drift can represent appreciable movements of organisms which may affect the design of benthic sampling programs and also the interpretation of benthic data (Hall et al. 1980) . Drift is also an integral part of the food web of running waters, since drifting organisms are utilized by some stream fish (Elliott 1973 ; Tippets & Moyle 1978) and by filter-feeding insect larvae (e .g . Benke & Wallace 1980) . While drifting, an organism travels a distance downstream . Over this distance, we characterize H yd robiologia 98, 71-84 (1983 ) . 0018-8158/83/0981-0071/$02 .80 . © Dr W . Junk Publishers, The Hague. Printed in The Netherlands . drift as having a rate (# • h -1 ) and a density (# • m -2 ) . The actual distance drifted by a stream organism is highly dependent upon its abilities to return to the stream bottom as well as current velocity and streambed characteristics (Elliott 1971 ) . An organism's actual entry into the drift may be caused by a variety of factors (see reviews by Waters 1972 , MUller 1974 including disturbances to the streambottom sediments (Bishop & Hynes 1969) . As current velocity (or discharge) increases, sediments in the benthos are eroded at a faster rate . Thus, increases in current velocity (and discharge) can affect drift rates (Bishop & Hynes 1969 ) and drift densities (Crisp & Robson 1979) by adding more animals into suspension (due to substrate disturbances) and increasing drift distance (Elliott 1971) .
The objectives of this study were to examine the relationship between invertebrate drift, detritus inorganic sediments transported from the catchment as they relate to and are influenced by natural fluctuations in stream discharge . Larvae of three species of drifting aquatic insects were analyzed with respect to instar or size-class groupings since organisms of different sizes may be differentially affected by environmental changes .
Study area
Samples were collected from Hugh White Creek, a small second order mountain headwater stream, located at the Coweeta Hydrologic Laboratory in Macon County, North Carolina . This stream drains a relatively undisturbed catchment (Johnson & Swank 1973) . The trees commonly found on this watershed are the cove hardwood species : Quercus spp ., Acer rubrum L ., Liriodendron tulipifera L ., Carya spp ., and Cornus florida L ., and hemlock (Tsuga canadensis (L .) Carr .) (Day & Monk 1974 streams in the Coweeta Basin which drain mixed mature hardwood forests (Table 1) . Throughout the year, the streamwater is relatively low in concentrations of most dissolved nutrients and ions (Swank & Douglass 1975) and dissolved organic carbon (J . Meyer & C . Tate, unpublished data) . The topography of the catchment (WS 14) drained by Hugh White Creek is steep and rugged, and possesses a dendritic drainage pattern . Highest stream discharges are usually recorded in the winter months ; low discharges occur in the late summer and early fall . Normally, rainfall is heaviest in March (ca . 21 cm) and lightest in October (ca . 11 cm) . During the growing season, stream discharge decreases during the day due to evapotranspiration .
Methods
Drift samples were collected monthly from June 1977 to May 1978 . The sampling dates coincided (±4 days) with the new moon phase of the lunar cycle in order to avoid any depressant effects of moonlight upon drifting behavior (e .g. Anderson 1966 ) . All sampling schedules were adjusted to coincide with sunset throughout the year .
Samples were collected hourly over a 24-hour period from two drift nets (234 µm Nitexo mesh) which rested in a wooden support (the notched cutoff wall referred to in Gurtz et al. 1980) . The support was implanted where the stream topography changed abruptly from a cobble riffle section to a small cascade over boulder sized rocks . The use of the permanent supporting frame to hold the nets minimized the disturbance to the stream bottom caused by the placement of the nets into the water . The nets were tended frequently and since they were located where the stream gradient increased, there was little evidence of clogging, turbulence or backwash . To minimize streambed disturbance, the nets were equipped with removable buckets which allowed them to be left in place through the entire sampling day . All of the surface water discharged from the catchment (WS 14) was filtered through these two nets . Stream discharge was measured at the U .S . Forest Service weir on WS 14 located approximately 35 m downstream from the nets .
Samples were preserved in formalin (approx . Gurtz et al. (1980) . 4%) to which phloxine B dye was added to aid in the removal of organisms from the debris . The organic sediments, including organisms, were separated from inorganic material by repeatedly swirling the netted material in an enamel pan and pouring off the organic sediments into a 125 µm mesh sieve . Organisms were sorted under a lOX dissecting scope . A sample splitter similar to one described by Waters (1969) was used to obtain a 1/, fraction of the collected organic sediments from a few large samples taken during storms . Following removal of organisms, detrital sediments were separated into two classes : coarse detritus (retained upon a 2 mm sieve) and fine sediments (organic and inorganic materials >234 )um and <2 mm) .
Ash-free dry weights (AFDW) of the organic and inorganic sediments and drifting organisms were measured as follows : The sediment fractions were dried at 60 ° C to a constant weight, desiccated at least one day, weighed on a Mettler' H51 balance, and ashed at 480 °C . AFDW of organisms were obtained using a Cahn 21 Electrobalanceo after the organisms were dried at 60 °C, desiccated at least one day, weighed on the balance to obtain a dry weight, and ashed at 480 °C . In addition, optical micrometer measurements of the width of the organism's head (and usually body length) were recorded for all larvae of Peltoperla maria Needham et Smith (Plecoptera : Peltoperlidae), Diplectrona modesta Banks, and Parapsyche cardis Ross (Trichoptera : Hydropsychidae), and other organisms which were to be weighed . The weights of some organisms (e .g ., chironomid larvae, pupae and adults, Collembola, thrips, aquatic and terrestrial mites, and some other terrestrial organisms) were estimated from random samples drawn from each taxonomic group .
Results and discussion

Suspended sediments
The nature and amounts of transported sediments varied seasonally . Nonstorm export and concentration of organic (fine and coarse detritus) and inorganic sediments were lowest in early summer (Fig . 2 , July) after several weeks of calm weather and a slowly descending hydrograph (Fig. 1) . The concentration of coarse detritus (>2 mm) increased rapidly after July and peaked in November ( Fig . 2) corresponding to the observed pattern of litterfall observed on other Coweeta catchments . Coarse detritus concentration decreased markedly in December, and this can be attributed both to the cessation of litterfall and to the formation of stable leaf packs within the stream channel . The concentration of coarse detritus then increased in the period from January to a peak in May primarily due to litter blow-in and, perhaps more importantly, in-stream processing of leaf material by physical abrasion and the activity of shredders . Seasonal patterns in the concentration of organic matter were more evident for coarse detritus than fine detritus (Fig . 2) . In general, the transport of fine detritus was several times higher and less variable than coarse detritus . Detritus smaller than 234 .sm (smaller than the fine detritus size class used in this study) comprises 86-99% of the total organic particulates (by weight) in suspension (Gurtz et al. 1980) ; thus, comparatively little coarse detritus was transported from the watershed . This can be attributed to retention devices (Bilby & Likens 1980 ; Naiman & Sedell 1979) in this headwater stream (Gurtz 1981) .
Concentrations of fine detritus (234 Am-2 mm, this study) were somewhat lower during the period when storms were more frequent (late fall through Table 2 . Nonstorm measurements of stream discharge and export (ash-free dry weights) of organic detritus, inorganic sediments, and drift organism biomass. spring) ; however, total sediment export during this period was higher . Bilby & Likens (1979) suggest that rainstorms may deplete the storage of fine particulates (0 .45 p m-1 mm, their study) in the streambed . This depletion of fine particulates is of a short-term nature though, for Naiman & Sedell (1979) found that the fine fraction of the seston recovered rapidly to pre-storm levels even after major storms . This fnding suggests that fine materials must be generated rapidly and continuously (Naiman & Sedell 1979) . During times of highest nonstorm discharge in Hugh White Creek, the concentration of fine detritus was low but total export (Table 2 ) was still higher than export during the summer months . There must be a continuous replenishment of the fine seston size fraction, presumably through the actions of macroinvertebrates, to account for the higher export rates in Hugh White Creek during the winter and spring months . In an experiment involving the removal of organisms from a first-order stream at Coweeta using an insecticide, Wallace et al. (1982) present evidence that the concentration of particles in transport draining an insecticide-treated stream is greatly below that in a reference stream . Furthermore, they show that the breakdown rates of leaf material were greatly reduced in an insecticide-treated stream . Thus, macro invertebrates are important in the * Sample day included a storm or orther substrate disturbance, nonstorm amounts based on n (one-hour) samples . September n = 19, November n = 13, December n = 17, January n = 19, March n = 14, April n = 18, May n = 13 ; all other months based upon 24 one-hour samples . t An average value of 5% netted organics/ total organic seston (J . R . Webster, personal communication) . breakdown of leaf detritus (Petersen & Cummins 1973) and in the rapid replenishment of particles which will become available for transport . Peak aquatic invertebrate biomass in Hugh White Creek occurs in the winter and early spring months which undoubtedly leads to greater detritus processing and eventually higher particulate export during these months . The concentration of inorganic sediments increased from a low in July to peaks in September, November, April and May (Fig . 2) . The September and November peaks were due to the frequent occurrence of storms ( Fig . 1 ) leading to increased sedimentation immediately in front of the wooden supporting structure which held the drift nets . Large increases in discharge caused by heavy rains five days prior to both sampling days apparently moved large amounts of streambed material, some of which settled in the riffle immediately in front of the drift net support . The increase in suspended inorganic sediments from February to May is related to higher discharges at this time of year and probably to the breakage of leaf packs and debris dams which trap substantial amounts of sand and
detritus . All three sediment types (inorganics, coarse and fine detritus) showed increases during these months, and it is likely that the transport of all seston particles are related to the gradual processing and break up of leaf packs and debris dams as well as to recent storms (e .g . Bilby & Likens 1979 ; Naiman & Sedell 1979) .
Drifting organisms
The numbers and estimated biomass of drifting aquatic and terrestrial invertebrates during nonstorm periods was very low (Table 3) . Aquatic organisms usually accounted for most of the numbers and estimated biomass of the drift but terrestrial arthropods made up substantial proportions of the drift biomass from late spring to early winter (Table 3) . The terrestrial arthropod category was composed of the aerial adults of aquatic insects as well as the more typical terrestrial fauna such as thrips, psoscids, soil mites, aphids, and others . Springtails and adult chironomids usually comprised the bulk of the terrestrial drift (numbers and biomass) . Pupae of aquatic insects were not included in either the 7 5
Table3 . Nonstorm numbers and biomass drifting per day in Hugh White Creek (WS 14)(EPH : Ephemeroptera ; PLE : Plecoptera; TRI : Trichoptera; DIP : Diptera ; CRU : Crustacea ; HYD : Hydracarina ; AQU : aquatic taxa ; TER : terrestrial arthropods) . PLE  TRI  DIP  CRU  HYD  AQU  TER   202  262  126  447  327  388  1870  3835  115  34  14  8  1  6  187  147  86  97  475  148  38  210  1082  1111  72  30  13  2  < 1  3  123  73  53  87  390  101  82  97  859  358  11  18  9  1  <1  1  43  17  111  93  153  211  157  179  963  1891  8  30  9  4  < l  3  56  65  75  112  78  259  592  74  1222  1574  2  6  2  4  2  1  18  55  180  356  330  558  1046  113  2632  1337  17  25  27  8  4  2  83  53  205  471  127  187  589  59  1657  730  31  37  21  4  2  9  100  30  220  466  87  160  927  105  1983  1144  42  116  11  3  3  2  179  32  188  822  162  346  1341  225  3120  476  84  231  59  17  5  3  403  41  350  1649  214  1303  2655  821  7092  1277  246  394  87  36  11  12  789  62  464  3300  228  2321  2219  829  9507  1904  211  1531  28  44  9  12  1841  67  303  977  96  1557  1146  612  4782  4080  275  88  37  29  5  9  445  109   7 6 terrestrial drift or the aquatic insect drift ; however, the estimated animal drift biomass (Table 2) includes the weight of these organisms . The density (# . m -3 ) and biomass (g . M-3) of invertebrates in the drift are shown in Fig . 3 . The daily drift density of stream invertebrates was relatively constant from June through November, lowest in winter, and highest in spring . The biomass of these drifting organisms (Fig . 3) mirror the seasonal cycles of aquatic invertebrates (Hynes 1970) , with recruitment seen as a period of declining biomass (summer and fall) . Periods of growth are seen as intervals of increasing biomass in the drift (winter and spring) .
EPH
Diel periodicity in drift behavior have been reported for many taxa (e .g . Waters 1972 , Mtiller 1974 , and behavioral drift was noted for several taxa in this stream . Generally, larger individuals of mayflies, stoneflies, blackflies and others were collected more often at night than during the day . However, diel differences in drift rate were not always statistically detectable . At least during one of the sample days, nighttime behavioral drift was observed (using two-sample t-tests, p G 0 .05) for some mayflies (Paraleptophlebia, Ephemerella, Epeorus, and Stenonema) stoneflies (Amphinemura, Leuctra, Isogenus, and Peltoperla maria), adult elmids (Oulimnius latiusculus), blackflies (Prosimulium) and copepods (harpacticoids and cyclopoids) . Chironomid larvae, pupae and adults, and water mites (Hydracarina) showed day drifting behavior during at least one of the sample days . Collembola showed nighttime drift behavior during April, June, and July, but more were collected during the day in August, September, October, January, and February .
Life history, season, and invertebrate drift Elliott (1967) , Fjellheim (1980) and others show that the developmental stages of aquatic organisms will influence their occurrence in the drift . In a study of a non-retreat building caddis larva, Fjellheim (1980) observed that the second instars of Rhyacophila nubila (Trichoptera: R hyacophilidae) is the dispersive stage for this species . In this study, first instar P. cardis and D . modesta were collected in large numbers from June through August, but later instars (II-V) of these two net-spinning caddisflies were infrequently collected (Table 4) . These stream insects dispersed to suitable habitats as first instars since the later instars were not usually found in the drift . Apparently, once a first instar settled in a favorable site, constructed a retreat, and began further development, it remained at that site . Very few drifting first instars had notal sclerites which were fully hardened, indicating that most had hatched just prior to being caught in the drift nets .
Peltoperla maria is a leaf-shredding stonefly which has a two-year life cycle in Hugh White Creek . Nine size classes of nymphs have been separated for this species so that the drift behavior of different age groups of nymphs may be analyzed . Gurtz (1981 and personal communications) measured the benthic densities of P . maria in this stream concurrent with this study, so comparisons between the abundance in the benthos and the occurrence in the drift can be made . There was a significant statistical correlation between the drift rate and benthic density of only 2 of the 9 size classes of P. maria (Table 5 ) . Perhaps it is these size classes which are the dispersive stages for P. maria since the correlations with benthic densities were relatively high . Correlation between benthic densities and drift rates (or drift densities) of single species or aquatic invertebrates in general is low (e .g . Hemsworth & Brooker 1981 ; Elliott 1967) , so it appears that the relationship between standing crop and drift is dependent not only upon abundance but also upon other factors such as food resources (Hildebrand 1974 ) and life history stage (e .g . Elliott 1967 ) . Also, sediment variables and discharge were correlated with the drift of a few size classes of P. maria. There was also a distinct behavioral component involved in the drift of P. maria nymphs . Significantly more P. maria drifted at night than during the day in eight months of the year studied (indicated by two-sample t-tests of drift rate, p < 0 .05) . In September, October and December, no significant difference in drift behavior could be detected . (Too few nonstorm drift samples at night were taken in May to assess P. maria drift behavior .) Elwood & Cushman (1975) Relations between total daily drift, discharge, and sediment export
The daily drift of various taxa was sometimes statistically correlated with one or a few of the measured variables (discharge, fine and coarse detritus, and inorganic sediments) . However, no consistent patterns existed between environmental variables and daily drift of any taxa . Correlations between the magnitude of the drift of a taxon and environmental factors varied temporally . Power law relations between drift and discharge have been shown by Elliott (1971) for aquatic invertebrates, Zelinka (1976) for mayflies, and Crisp & Robson (1979) for total drift (aquatic and terrestrial components combined) . As noted by these authors, this relationship is subject to a great deal variation due to the life cycles of the organisms, increases or decreases in discharge, and a variety of other unknown factors . Linear, power and exponential models were used to test the daily drift of aquatic invertebrates vs . daily discharge throughout the study . The power curve fit the data best (Table 6) , but winter and spring months contributed heavily to the model's lack of fit (Fig . 4) . However, aquatic organism drift during the summer and fall months appeared remarkably related to discharge (Fig . 4) .
Daily drift may be related to factors other than discharge . Linear, power, and exponential models were used to regress daily drift against the transport of detritus and inorganic sediments . Again, the power curve yielded higher r2 values than did the other models (Table 6 ) . There is less scatter around the predicted line for the winter and spring months using total detritus transport as the independent variable (Fig . 5 ) rather than discharge (Fig . 4) . This relation suggests that as the transport of organic seston (>234 µm) increases, animals associated with this organic debris may be carried downstream . However, the model is intended to show a relationship, and not causality, between the numbers of animals in the drift and the amount of detritus in transport in this stream . Behavioral drift and shifts in faunal abundance will contribute heavily to the model's lack of fit . For example, drift during July lies particularly far from the regression line (Fig . 5) . During this month, first instars of P . cardis and D . modesta were very abundant in the drift (41 % by numbers of the drifting aquatic inver- tebrates) as they dispersed from oviposition sites . Other events such as drought, spates, channel modifications, erosion, can also affect drift rates .
Sediments, drift, and storms
Storms and substrate disturbances occurred several times during the study. Two storms (Figs . 6 and 7) and one animal-caused substrate disturbance (Fig . 8) are evaluated since sediment transport and discharge were reasonably stable prior to the events . Fine (>234 pm-2 mm) and coarse (>2 mm) detritus, and inorganic sediments (>234 µm) increased as the rate of stormflow increased (Figs . 6 and 7) . Fine and coarse detritus transport (and concentration) reached peak levels before discharge peaked, but inorganic sediment transport (and concentration) peaked either at peak discharge (Fig . 6 ) or just following peak discharge (Fig . 7) . Paustian & Beschta (1979) demonstrate that peak suspended sediment (organic and inorganic sediments not distinguished) concentration in an Oregon stream occurs either slightly before or at peak discharge . Bilby & Likens (1979) report that the concentration of fine particulate organic carbon (>0 .45 µm-1 mm) reaches a maximum prior to peak discharge . Gurtz et al. (1980) also report that maximum organic seston concentrations occurs at or near peak discharge . The results obtained in this study concur with Paustian & Beschta (1979) though the size fractions, sediment classification, and sampling methods differed . It should be emphasized here that only particles larger than 234 zm were collected during this study, and that particles of this size or larger usually account for 1 to 14% of the total organic seston in Hugh White Creek (J . R . Webster, personal communication) . Channel precipitation may dislodge particles and cause them to be entrained in streamwater . For storms sampled during this study, the increase in larger particles (>234 µm) was slight but occurred before stream discharge had increased appreciably (increases <0 .5 m3 • h-1 ) above the previous nonstorm measurement . The immediate effects of channel precipitation on sediment transport shoud be more observable in small streams than larger ones . Surface runoff (or overland flow) causing sheet erosion of the soil (Gregory & Wal- in the streambed, leaf packs, debris dams, stream margins, and (rarely at Coweeta) sediments carried to the stream by sheet erosion are all potential contributors to storm suspended sediment transport .
Invertebrate drift also increases during storm discharge (Waters 1962 ; Anderson & Lehmkuhl 1968) . The drift of terrestrial organisms increased at the storm's onset, and reached a maximum before discharge peaked (Figs . 6 and 7) . Collembolans (aquatic and non-aquatic species not distinguished in this study), which are numerous on the stream surface, margins, and banks, normally accounted for most of the increased terrestrial drift . Depending upon their life cycles and seasonal abundances, soil mites, chironomid adults, leafhoppers and other terrestrial organisms also contributed to the terrestrial drift component during storms . Rainfall intensity, canopy washing, and channel expansion may enhance terrestrial invertebrate drift rates during storms .
The same processes which entrain sediments in streamwater are also responsible for increasing the drift of stream invertebrates during storms . There was a significant statistical correlation between the numbers of aquatic organisms drifting during storms and the amount of organic detritus in suspension . Maximum aquatic invertebrate drift coincided with peaks of fine and coarse detritus transport during the December (Fig . 6) , January, and March (Fig . 7) storms . (There were insufficient numbers of samples to assess this relation in the September and May storms .) Moreover, during the animal-caused substrate disturbance in April (Fig . 8) , maximum aquatic invertebrate drift occurred at the same time as sediments (inorganic sediments, fine and coarse detritus) in suspension peaked . Three hours later, both sediments and aquatic invertebrate drift increased again due to another animal-caused disturbance . These disturbances are probably attributable to nocturnal foraging raccoons (Procyon lotor (Linnaeus)) . The differences in the magnitude of aquatic invertebrate drift between these two bottom disturbances were probably related to the downstream distance from the disturbance to the net . Judging from the inorganic sediments collected, the first disturbance occurred within a few meters upstream of the nets, whereas the second disturbance apparently occurred farther upstream . Invertebrates can leave the drift quicker than inert detrital particles can settle out of suspension . Although more detritus was collected during the second disturbance, many of the invertebrates and heavier inorganic particles likely added to the drift during that disturbance probably returned to the bottom upstream of the nets . Aquatic invertebrate drift in this detritus-laden stream closely tracked that of detritus transport during storms . As discharge increases, easily dislodged detritus with accompanying organisms are quickly entrained (Neveu 1974) . Drift rates declined, as did detritus, before peak discharge . Apparently, fewer invertebrates were added to the drift after the more easily detached detritus was suspended by increasing discharge .
Important contributors to increased aquatic invertebrate drift during storms were copepods (har- pacticoids and cyclopoids), Hydracarina, and early instar aquatic insects -particularly stoneflies, mayflies, and caddisflies . Large aquatic insects and other invertebrates in this small stream were also collected during storms, but it appeared that the larger larvae were better able to maintain their position in the habitat (e .g. by shorter drift distances or other means) than smaller larvae .
Estimation ofyearly nonstorm export of organisms
The relations between drifting organisms and environmental parameters (chiefly discharge and sediment transport) are unclear and causality cannot be demonstrated in this study . An estimate of yearly nonstorm export was made by multiplying the daily drift by the number of days between sample intervals (Table 7) . Comparing these estimates with data from other studies (Table 8) shows that the average yearly drift density (numbers or biomass) of invertebrates in Hugh White Creek is similar to data calculated by other researchers using nets of comparable mesh openings . The estimated export (0 .134 kg -y -1 ) values are lower than thos of other studies ; however, stream discharge and the contributing upstream source areas for drifting organisms is much smaller in Hugh White Creek compared with other streams in Table 8 . These estimates for Hugh White Creek are only for nonstorm Table 7 . Estimated yearly nonstorm export of organisms in the drift in Hugh White Creek .
t Weight in grams ash-free dry weight . * Includes aquatic and terrestrial organisms plus pupae of aquatic insects . periods, and therefore represent underestimates of total yearly export of organisms from the stream . However, it must be mentioned that the drift nets measure only what is remaining in the water column since predators (e .g . fish, filter-feeding caddisflies) may remove organisms from the drift . While there are no fish in Hugh White Creek due to the weir which blocks immigration into this headwater stream, filter-feeding caddisflies are abundant and their potential to impact drift may be large .
Although production for the entire benthos in Hugh White Creek has not been estimated, studies (Haefner & Wallace 1981 ; Ross 1981) of selected species in similar Coweeta streams place invertebrate production of two species of Trichoptera at over 1200 mg . m-2 . Y_
1 . In addition, production attributable to the stonefly P . maria is ca. 450 mg -m-2 . Y-1 in this stream (O'Hop, unpublished data) . A very conservative estimate of total stream area upstream of the drift nets is 1500 m 2 ; thus, the annual loss of invertebrate production by nonstorm drift is ca. 89 mg . m-2 . y 1 . Therefore, nonstorm drift appears to remove a negligible amount (<5%) of invertebrate production from this stream . a Ash content of invertebrates =10% .
• Includes terrestrial organisms .
• Estimated from Crisp (1966) . d Range of all nonstorm samples .
• Range of nonstorm daily export values .
Summary
In Hugh White Creek coarse (>2 mm) detritus concentration and export was lowest in July and increased with litterfall until November. In December, coarse detritus concentration and export declined probably as a result of the formation of stable leaf packs and debris dams and also the cessation of direct litterfall inputs to the stream . Coarse detritus concentration and export increased from December through May, reflecting the instream physical and biological processing of leaf litter . Fine (>234 µm-2 mm) detritus concentration was less variable than coarse detritus concentration, but export was generally low in the summer and increased to a maximum in late spring, reflecting trends in stream detritus processing in Hugh White Creek.
Aquatic invertebrate drift density (# • m3 ) was relatively constant from June through November, declined from December through February, and increased in March and April (Fig . 3) . Mean individual biomass of aquatic organisms decreased from June to a low in October (cf. creased from November to April indicating the period of growth for most benthic organisms . Two net-spinning caddisflies (P. cardis, D . modesta) dispersed to favorable filtering sites for retreat and net construction as first instars (Table 4) , and this dispersal activity coincided with a time of relatively low discharge (Fig . 1) . The size class distribution of P. maria in the drift was not closely related to the size class distribution in the benthos . Discharge in Hugh White Creek was probably a factor in the drift of P. maria nymphs, but increased drift of the smaller size classes may be related more to the increased instability of leaf packs and debris dams as stream litter processing continued . Larger P. maria nymphs showed more pronounced night drift behavior than the smaller size classes . Other stoneflies, mayflies, adult elmids, blackflies, and copepods showed night drift behavior during at least one month of the study . Water mites, and chironomid larvae, pupae, and adults showed daytime drift behavior during at least one month of the study . Collembolans were night active in the drift during some months and day-active in other months .
Power law relations between the total daily drift and discharge or sediment variables (Table 6 ) are
